------------------------------------An increased sex ratio (number of males per 100 females) in the offspring of HBsAg carriers in a Greek population was reported in a previous study (Hesser et al. 1975) and an excess of males among the siblings of HBsAg carriers has been observed in a Solomon island population (Mazzur & Watson 1974) . Though it was postulated that the alteration in live birth sex ratio Was due to selection against the female zygote at the time of implantation (Hesser 1974) , the mechanism effecting such selection remains obscure.
. The purpose of the present study was to further substantiate the observation of a sex ratio disturbance and elucidate the mechanism accounting for it, by analysing data of the fertility a?d sex ratio of offspring of HBsAg positive and negative married females from 12 Greek Villages. (Hesser et al. 1975) . h Blood samples were collected from all women and tested for HBsAg by both reverse passive aemagglutination (Hepanosticon R, Organon) and counter-electrophoresis (Gocke & Howe 1970) . Active hepatitis and other liver disorders were excluded by clinical examination and history. The women were classified into two groups on the basis of the presence or absence ofHBsAg in their sera. The number of live births, spontaneous abortions, neonatal loss and male and female children reported by these two groups of women were compared using the t test. The chi-square test was used to compare the 2 groups of women for childlessness, twin births, and the male: female sex ratio.
Results
The distribution of HBsAg-positive and HBsAg-negative women in the 12 villages is given in Table I . Overall, 43 women (3.8%) were identified as HBsAg-positive and 1086 were HBsAgnegative. Results comparing the two groups of women for eight variables are shown in Table 2 .
It should be noted that data on live births, spontaneous abortions and twin births were obtained for all women, while data on neonatal loss were obtained for 806, of whom 35 were HBsAg-positive, and data for sex of offspring were obtained for 764, of whom 35 were HBsAgpositive. The number of live births per woman was lower in the HBsAg-positive group (2.25±0.21) than in the group who were HBsAg-negative (2.86 ± 0.05), and this difference was statistically significant (P < 0.005). The number of spontaneous abortions was increased in the HBsAg carriers, but the difference was not significant (P> 0.30). The neonatal losses per woman were slightly higher in the HBsAg-positive women.
The number of male children per woman was increased in the group of HBsAg-positive women, though not significantly. However, the number of female children was decreased for the HBsAg-positive group (0.85 ± 0.12 versus 1.31 ± 0.04), and this difference was highly significant (P <0.001). The number of childless women per 100women and the number of twin births were not significantly different in the two groups.
The sex ratio of offspring of HBsAg-positive women was increased (173.3), compared with that for the HBsAg-negative women (105.75), and the difference was significant (P<O.Ol). An increased sex ratio was found in the HBsAg carriers of most of the examined villages (Table 3) . Preliminary results of the study have been previously communicated (Livadas et al. 1977 ).
Discussion
The present study extends previous observations on an increased male: female sex ratio in the offspring of women HBsAg carriers, and shows that this is due to decreased birth of females. Results based on data from women in 12 villages from various parts of Greece showed a significantly increased sex ratio in the offspring of HBsAg-positive women and this could conceivably be accounted for by the two other significant results of a decrease in the number of live births and a reduction in the number of female births reported by the HBsAg-positive omen, who seem to experience a fertility disturbance involving a selective effect against emales. A moderate increase in the number of spontaneous abortions reported by HBsAg-P?sitive women, though not statistically significant, is also suggestive of such a fertility dIsturbance. The absence of difference in the number of childless women in the two groups is gai nst the hypothesis of an inborn increased infertility rate in the HBsAg-positive group. urthermore, the absence of any difference in the twin births provides some evidence against a:: her~di t ary fertility disturbance in the HBsAg-positi'le group, since inheritance influences t e twin births' prevalence (Proping & Kriiger 1976 ). An increased number of spontaneous abortions associated with viral hepatitis was reported by Lorant & Radl (1969) . In any case, the reason for the decreased birth of female offspring is not clear; and mechanisms can only be POstulated which might account for a differential selection against female fetuses in mothers ho. are HBsAg carriers. Possibly rejection of the fetus by the infected mother may occur, but it IS dIfficult to imagine why females rather than males would be rejected. A more likely eXPlanation is the rejection of the female fetus due to an autoimmune process, where thẽ BsAg-posi ti ve mother would be more likely to reject the fetus antigenically most similar to erself. Increased immunological response appears to occur in chronic carriers of HBsAg. Increased titres of anti-e antibodies were found in HBsAg carriers even in comparison to acutẽ d chronic liver infections (Eleftheriou et al. 1975) , and high anti-e titres were observed in a r~ek population (Hadziyannis & Le Bouvier 1972) . The presence of increased anti-e antIbodies in HBsAg carriers may indicate a potential for increased immunologic responsiveness, which might include an increased tendency for mothers to an autoimmune-like rejection o~the female fetuses. Other studies indicate that fetuses antigenically most unlike the mother dl be favoured at the time of zygotic implantation, and males are more favoured in general an females (Beer & Billingham 1974) . This effect may become exaggerated in females who are more prone to hyperimmune responsiveness. Another autoimmune process may occur in the appearance of autoantibodies with a selective effect on female fetuses. Autoantibodies arẽ~o babl y not effective on the male fetus because the antigen structure of the male fetus is I f r~rent from the host. An increased immunological response seems to be usual in HBsAg ar~I~rs and further research studies on this direction are necessary to elucidate the cause of the ertIhty disturbance observed in HBsAg carriers.
SUmmary
The relation of the HBsAg carrier state with fertility parameters and the sex ratio of offspring Was studied in 1129 married women in 12 villages from different areas in Greece, in whom ood samples were tested for HBsAg. The results were compared between the group ofHBsAg sYmptomatic carriers and the HBsAg-negative group. An increase of the sex ratio was found th the group of HBsAg carriers. Furthermore, a decrease in the live births and a reduction in e number of female children were observed. It is concluded that a fertility disturbance in the HBsAg-positive group is probably responsible for the alteration of the sex ratio. An immunological mechanism may be the cause of the fertility disturbance found in the HBsAg carriers.
